Abstract. For prime p ≡ −1 mod d and q a power of p, we obtain the slopes of the q-adic Newton polygons of L-functions of
Main results
Let q = p h be a power of the rational prime number p. Let v be the normalized valuation on Q p with v(p) = 1. For a polynomial f (x) ∈ F q [x], letf ∈ Z q [x] be its Teichmüller lifting. For a finite character χ : 
and µ n is the group of n-th roots of unity. Then L * (f, χ, t) is a polynomial of degree p mχ−1 d by Adolphson-Sperber [AS] and Liu-Wei [LWe] . We denote NP q (f, χ, t) the q-adic Newton polygon of L * (f, χ, t). We fix a character Ψ 1 : Z p → C × p of order p, and denote L * (f, t) = L * (f, Ψ 1 , t) and NP q (f, t) = NP q (f, Ψ 1 , t). When p ≡ 1 mod d, it is well-known that NP q (f, t) coincides the Hodge polygon with slopes {i/d : 0
Let a be a nonzero element in [Y, §1 Theorem] for earlier results. In [DWX] , Davis-Wan-Xiao gave a result on the behavior of the slopes of NP q (f, χ, t) when the order of χ is large enough. In this way for p sufficiently large, they can obtain the slopes of NP q (f, χ, t) based on the slopes of NP q (f, χ 0 , t) with χ 0 a character of order p 2 . In [N] , Niu gave a lower bound of the Newton polygon NP q (f, χ, t). In [OY, Theorem 4 .3], Ouyang-Yang showed that if the Newton polygon of L * (f, t) is sufficiently close to its Hodge polygon, the slopes of NP q (f, χ, t) for χ in general follow from the slopes of NP q (f, t). As a consequence they obtained the slopes of NP q (x d + ax, χ, t) when p is bigger than an explicit bound depending only on d and h.
Our main results are the following two theorems.
for q = p and
where
Remark.
(1) For general p, write pi = dk i + r i with 1 ≤ i, r i ≤ d − 1. If r i > s for any 1 ≤ i ≤ s, then one can decide that the first s + 1 slopes of NP q (f, t) are {0,
p−1 } by our method for sufficiently large p. For the rest of slopes, one needs to calculate the determinants of submatrices of "Vandermonde style" matrices.
(2) The slopes in our case coincide Zhu's result in [Z2] .
2. Preliminaries 2.1. Dwork's trace formula. We will recall Dwork's work for f (x) = x d + ax d−1 . For general f , one can see [OY, §2] .
Let γ ∈ Q p (µ p ) be a root of the Artin-Hasse exponential series
. This is a nuclear matrix over
We extend the Frobenius ϕ to
Then the Fredholm determinant det(I − tU 1 ) is well defined and p-adic entire (see [S] ). Write
. Then we have c 0 = 1 and for s ≥ 1, 
3. Slopes of the Newton polygon of L * (f, χ, t)
From now on, we assume p ≡ −1 mod d and write p = dk − 1.
3.1. The case χ = Ψ 1 .
Lemma 5. Let M (s) = (a ij ) 1≤i,j≤s be an s × s matrix with entries
is a polynomial of x of degree n and {(x + j)[t] : 0 ≤ t ≤ j − 1} is a basis of the space of polynomials of degree ≤ j − 1. Thus we can write
.
For any 1 ≤ u ≤ j − 1,
Let a
Write
Define c ′ t (n) := 0 for t > n. Write M 11 = ((i + s) t−1 ) 1≤i,t≤s and M 12 = (c 
Now by (3), (4), (5) and (6),
Hence v(det M (s)) = 0.
Then pi − j = dm + (d − 1)n and 0 ≤ n ≤ d − 1. This lemma follows from
Proof. Note that the first row of A 1 is (1, 0, 0, . . .). Let A be the matrix by deleting the first row and column of
Note that for s = d − 1,
The valuation of any entry of B[d − 1 − s], P 1 , P 2 is v(γ) and
Thus Q is invertible over the ring of integers of Q p (γ). The determinant
4 , then
Thus w 0 , w 1 , . . . , w d−1 are q-adic slopes of NP q (det ϕ −1 (I − tA h )). By Theorem 3,
Since the valuation of any entry of A h is ≥ 0, the q-adic slopes of det
(I − tA h ) are ≥ 0 and the q-adic slopes of det .
+ 1, then gap(f ) < 1/h and this concludes the proof.
